Integral experiments that measure the transport of -14 MeV neutrons through a 0.30-mdiameter duct having a length-to-diameter ratio of 2.83 that is partially plugged with a 0.15 In diameter, 0.51 m long shield comprised of alternating layers of stainless steel type 304 and borated polyethylene have been carried out at the Oak Ridge National Laboratory. Measured and calculated neutron and gamma ray energy spectra are compared at several locations relative to the mouth of the duct. The measured spectra were obtained using an NE-213 liquid scintillator detector with pulse shape discrimination methods used to simultaneously resolve neutron and gamma ray events. The calculated spectra were obtained using a computer code network that incorporates two radiation transport methods: discrete ordinates (with P3 multigroup cross sections) and Monte Carlo (with continuous point cross sections). The two radiation transport methods are required to account for neutrons that singly scatter from the duct to the detectors. The calculated and measured neutron energy spectra above 850 keV agree within 5-50% depending on detector location and neutron energy. The calculated and measured gamma ray energy spectra above 750 keV are also in favorable agreement, -5-50%, depending on detector location and gamma ray energy.
INTRODUCTION
Radiation streaming is one of the more serious problems to be resolved in the nuclear design of fusion reactors. It has been suggested that one of the means for reducing the effects of radiation streaming through neutral beam injection ducts, vacuum pumping ports, and other penetrations in the reactor shield is to fully, or partially, plug the duct during the plasma burn cycle. The radiation streaming directly from the plasma would, therefore, be significantly attenuated, and its effect on critical components in the vicinity of the duct would be correspondingly reduced.
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Integral experiments are being performed at the Oak Ridge National Laboratory to provide experimental verification of the nuclear data and radiation transport methods that are being used in the analysis of radiation streaming in fusion reactors. (1,2~ In this paper, measured and calculated neutron and gamma ray energy spectra resulting from the streaming of -14 MeV neutrons through a partially plugged duct are compared at various detector locations. In ref. 1, measured and calculated neutron and gamma ray energy spectra resulting from -14 MeV neutrons streaming through a 0.30-m-diameter iron duct having a length-to-diameter (L/D) ratio of 2.83 were compared as a function of detector location relative to the mouth of the duct. The work reported here is an extension of that work but, in this case, the duct is plugged with a 0.15-m-diameter, 0.51-m long shield comprised of layers of stainless steel type 304 and borated polyethylene. The purpose of this study was to assess the effect of the plug in reducing the radiation streaming directly through the duct and to test the analytic methods and nuclear data for predicting the radiation that scatters from the duct liner and in the concrete support structure-shield that surrounds the duct.
The descriptions of the experimental facility, calculational methods, and nuclear data are given in Section 2. The measured and calculated gamma ray energy spectra are compared and discussed in Section 3.
EXPERIMENTAL AND CALCULATIONAL PROCEDURES
The experimental and calculational procedures used to obtain the data reported here are the same as those described in ref. 1, so only a brief description of the procedures is given here. The two-dimensional representation of the experimental configuration is shown in Fig. 1 . Deuterons are accelerated using an electrostatic generator to a kinetic energy of 250 keV and directed along the axis of cylindrical symmetry onto a 4 mg/cm 2 thick titanium-tritide target where -14-MeV neutrons (lOS/s) are produced via the D+T ~ n+4He+ 17.6 MeV (1) reaction. The target is enclosed in a cylindrical, reentrant iron can which has the functions of shaping the neutron spectrum leaking from the mouth of the can making it characteristic of the D-T spectrum on the first wall of a fusion reactor, o) The target, iron source can, and the duct are enclosed in a concrete shield-support structure. The concrete forming the structure is sufficiently thick to act as a biological shield and to minimize the background radiation level in the vicinity of the detectors due to neutron reactions and scattering in the experiment room walls. The iron duct, which forms an extension of the source can, has an inner diameter of 0.30 m, a wall thickness of 0.075 m, and is enclosed in a 0.78-m-thick concrete block. The entire assembly is mounted in a cavity in the concrete shield-support structure. The iron duct extends 0.85 m from the target and has an LID ratio of 2.83 (measured from the target). Shown in the duct is the 0.15-m-diameter, 0.51-m-long shield plug consisting of layers of stainless steel type 304 and borated polyethylene. The dimensions and orientation of the materials in the shield plug are given in the inset of Fig. 1 . The dimensions of the duct and the shield plug are known to better than 1%. The neutron and gamma ray energy spectra were measured and calculated at the four detector locations shown in Fig. 1 . The coordinates of the detector locations are given in Table I . The detector is a 0.047-m-diameter by 0.047-m-high NE-213 liquid scintillator mounted on an RCA 8850 photomultiplier tube. Neutron and gamma ray events in the detector were separated using pulse-shape discrimination methods and stored in separate memory locations in a PDP-11 pulse-height analyzer/computer. The neutron and gamma ray pulse-height data were normalized to the absolute neutron yield from the target, which was determined using associated particle counting methods. The uncertainty in the neutron source strength was determined to be + 3%. (4) The pulse-height data were obtained for neutrons with energies above 850 keV and for gamma rays with energies above 750 keV. The pulse-height data were unfolded using the computer code FERD (5) to produce energy spectra using a neutron response matrix obtained from measurements using the pulsed neutron beam from the Oak Ridge Electron Linear Accelerator. The gamma ray response matrix was generated using gamma ray sources of known energies. The total response of the NE-213 detector is known to within 5% and the gain calibrations are reproducible within 2%. (4) 
for gamma rays of energy Ey (MeV). R N and R e are the full width at half maximum (in %) of the detector response at E N and Ee, respectively. Additional details describing the experimental facility, electronic instrumentation, and data processing may be found in refs. 4 and 6. The sequence of radiation transport calculations that was used to obtain the calculated neutron and gamma ray energy spectra is shown in Fig. 2 and is the same as that used in obtaining the calculated data reported in ref. 1. The calculational sequence incor-
